Thermodynamic calculations are successfully used to predict multiphase equilibria or to analyse industrial processes. Different models have been used to evaluate the thennodynamic behaviour of the solution phases, non-stoichiometric compounds with different structures, or phases which present order-disorder transformations. The most common models which are used will be briefly described. The mathematical equivalences between some of them will be emphasized.
Muggianu (ref. 19),
, and Hillert (ref. 7) for multicomponent systems. For a ternary system, the excess Gibbs energy can be expressed in a general form as follows:
(2) Gz6 = Q(GT& + P(GT& + r(G;i)r where a, P, 7 and p, q, r are given in Table 2 . where G; is the value of the excess Gibbs energy of the binary system ij at the composition x i and x j . P;"j is a number (0 5 P,"j 5 1) which fulfills the following condition xi=, Pi pj = 1.
The geometrical equations described above are compatible with equation 4. Nevertheless, it has not yet been applied to multicomponent systems.
Specific interaction terms, which are in general of the form l l l x ; P ( z ; ) where P ( x ; ) is a polynomial, can be added to the excess function in equation 2, the parameters of the polynomial being derived from experimental information. 32) . The latter will be described hereunder.
The basic assumptions of the quasi-chemical model are that every atom has z nearest neighbours but the competitive action of different types of atom towards a central atom is taken into account. The distribution of the components is calculated using a mass action like expression. As the model takes into account interatomic interactions when determining the most probable configuration of the solution, a chemical ordering effect is thus introduced. This model has been widely used for metallic solutions. It should be noted that the configurational entropy derived from this model is equivalent to the one derived from the cluster variation method developed by Kikuchi (ref. 33, 34) where the distribution variable is a basic cluster of lattice points.
As in that model ordering occurs for a composition equal to 0.5, a modification has been proposed by Pelton and Blander (ref. 35) in order to translate the minima in the entropy or enthalpy functions at any desired compositon. Furthermore, the modified quasi-chemical model has been extended also to multicomponent slag systems.
Many systems exhibit a very negative deviation from ideality for the enthalpy of formation of liquid solutions. A specific model which takes into account the formation of chemical bonding was suggested by Dolezalek (ref. 30) . The liquid phase is assumed to contain short range order volume elements, called associates or complexes, which have a well defined composition. They are formed by reaction between the elemental constituents of the phase. Thus, the solution phase will be formed of free atoms and associates, the corresponding number of moles being defined as n:, n> and n A , B , .
Assuming that the associates are formed by the following reaction i A + j B + AiBj the mole fractions of the various species are defined as
The number of moles of these species can be related to the number of moles of the constituents of 
The terms W~J are generally regular solution parameters. In the solid state, ordered phases having different structures may exist, for example, in metallic systems, the a-CrFe which is formed of five sub-lattices, or the Laves C14, C15 and C36 formed respectively by 3,2 and 4 sub-lattices.
A number of phases which can be described with different sub-lattices is listed in Table 3 . Their number and the species occupying them is generally obtained from structural information. The Llz and CsCLB2 phases tend to disorder for a given temperam and composition ranges. The substitutional solution is a limiting case where only a single sub-lattice exists. For each sub-lattice s, the site fraction of the species i is equal to nj is the number of species j in sub-lattice s, n' the number of sites in sub-lattice s, and n the total number of sites. n' is related ton by n' = p a n / ( p + q + ...). 
where G, is referred to the pure elements in a given physical state at a given temperature and pressure.
Gibbs energy of conjiguration, GZ
The term Q : is related to the molar entropy of configuration S r f . For the general case of a multicomponent system formed by several sub-lattices, each of them containing j species interchanging randomly, the number of permutations is given by the following equation:
Shmf can then be derived and is equal to
This equation also applies to a substitutional or associate solutions. The expressions of the configurational entropy can become more and more complicated, as for example in the case where species are replaced by clusters, for example in the Cluster Variation Method (ref. 35) . In the case of a four-point tetrahedron consided as a basic cluster, for a system of n lattice points, the number of permutations between points, pairs and tetrahedrons is equal to:
Surface of Reference
The term Qef defines a surface of reference. The terms G;,jq represent the Gibbs energy of formation of the "ideal compound". It should be noted that in the case of a substitutional solution equation 9 is equal to zero. Some of these compounds may be metastable. 
Excess Gibbs Energy
The terms L , , j : k and Li:k,l represent the interaction parameters between the atoms on one sub-lattice for a given occupancy of the other, and they can be described by a Redlich-Kister (ref.
2) type polynomial, as follows:
For ordered compounds exhibiting narrow ranges of non-stoichiometry, like for example the Cscl-B2 phase which exists in the Al-Ni system, an atom B replaces an atom A on the first sub-lattice, (called antistructure by Wagner (ref. 45) ), and a defect, in this case a vacancy, occupies the site of a B atom in the second sub-lattice. A schematic way of illustrating that phase is the following:
In the case of the CsCl-B2 phase, Wagner (ref. 45) expressed the molar Gibbs energy of the phase as
If the number of defects is small compared to the total number of sites, then GI (enthalpy or total energy as defined by Wagner) is expressed as a linear function of the number of defects in the different sites, as follows:
where G* is the Gibbs energy of formation of the ideal compound, G2. and G20 are respectively the Gibbs energy of formation of an anti-structure and of a vacancy. Modelling of order-disorder transformations.
The ordered L12 or DOls structures based on an fcc-A1 or hcp-A3 lattice can disorder at a given composition or temperature. The Gibbs energy of formation of these phases is expressed as follows 
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For practical use, it is interesting to consider the disordered state independently from the ordered one for a given phase. This is done by splitting the ordering energy into two terms as follows:
where GKd~*(y;, yy ) the Gibbs energy is described by the model 19 and which contains implicitly a contribution to the disordered state, and G g d i * ( y ] = x i , yy = x i ) , a term which represents the energy contribution of the disordered state to the ordered phase. When the site fractions are equal in both sub-lattices, thus corresponding to a disordered phase, then equation 20 is equal to zero. Hence, the parameters of both ordered and disordered phases can be evaluated independently. This equation has been implemented in the Thermo-Calc package developed by Sundman et al. (ref. 63 ).
The two sub-lattice model is not adapted to describe several order-disorder phases based on the same lattice which can co-exist as in the Au-Cu system, where two L12 and Llo phases are in equilibrium.
A four sub-lattice model, suggested by Sundman (ref. 64) allows representation of these phases as well as the disordered fcc-A1 phases to be described with the same model where the four sites are equivalent.The disordered state is described when the site fractions of the different species are the same in the four sub-lattices. If two sub-lattices have the same site fractions, as well as the two others but of difennt values, the model describes then the Llo ordering. If three sub-lattices have the same site fractions, different from the fourth, then the L12 ordering can be described. This second case will be discussed here. The terms Gi:j:k:, relative to the same stoichiometry are identical whatever the occupation of the sub-lattice. In addition, the interactions between species in a given sub-lattice are assumed to be independent of the site occupations in the others, and identical in whatever sub-lattice the interaction takes place. Noting that yi1)=yi2)=z/{3)=y: and that yj4)= yy, Dupin et al. 
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Conclusions
The models described in this contribution have been used with success to describe different types of solution or ordered phases. Many of them are used in calculation programs for multicomponent phase equilibria, as well as in simulation processes. However there is still a lack of exprimental information on multicomponent systems and there is a need on thermodynamic properties for metastable phases.
